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1.0 INTRODUCTION

The work reported herein was sponsored by the Space and Missile
Systems Organization (SAMS0), Air Force Systems Command (AFSC) and the
Research Division of the Directorate of Test Engineering (DQTR), of
the Arnold Engineering Development Center (AEDC), AFSC under Program
Element 63311F AF control number 627A-00-8. The work was performed by
ARO, Inc., AEDC Division, (A Sverdrup Corporation Company), contract
operator of AEDC, Arnold Air Force Station, Tennessee. Project moni-
tors were Capt. R. J. Chambers and Mr. E, R. Thompson for SAMSO and
AEDC, respectively. ARO project monitor and principal investigator
was Dr. M. 0. Varner. Inquiries to obtain copies of the test data
should be directed to either of the following: SAMSO/RSSE, P. 0. Box
92960, Worldway Postal Center, Los Angeles, CA 20009, Attn: Capt.

R. J. Chambers; AEDC/DOTR, Arnold AFS, TN 37389, Attn: E. R. Thompson.
A copy of the final data is on file in microfilm at AEDC.

Tests were conducted in the 50-in. Diam Hypersonic Wind Tunnel (B)
of the von Karman Gas Dynamics Facility (VKF) on January 23, 30, and
31, 1978, under ARO Project No. V41B-W6. The objective of the test was
to determine the smallest boundary-layer trip which was effective without
producing flow~field disturbances. This test phase was planned as a
preliminary investigation for a more detailed study of boundary-layer
trip influences.

Heat-transfer measurements were obtained to identify tramsition
locations. Flow-field data were obtained with pitot probes and both
shielded and unshiclded total temperature probes. Model surface
pressure and temperature distribution were also obtained. A new on-
board probe system was zlso used during this test phase.

All data were obtained at a nominal Mach number of 6 at free-stream
Reynolds numbers ranging from 1.0 x 108 to 4.7 x 10 per ft. Most
of the data were obtained at angles of attack up to 14 degs. Configu-
rations tested included a 7-deg cone and a 14/7 deg (i.e., a 14 deg fore
cone section with a 7 deg aft cone frustum) biconic. Spherically
blunted nose tips were tested with nose radii ranging from 0.050 in.
to 6.500 in. Tests were also performed with the 7-deg sharp nose tip
cone configuration.

2.0 APFARATUS
2.1 TEST FACILITY

Tunnel B is a closed circuit hypersonic wind tunnel with a 50-in.-
diam test section. Two axixsymmetric controured nozzles are available
to provide Mach numbers of 6 and 8 and the tunnel may be operated con-
tinuously over a range of pressure levels from 20 to 300 psia at Mw = 6,
and 50 to 900 psia at M, = B, Stagnation temperatures sufficient to
avoild air liquefaction in the test section (up to 1350°R) are obtained
through the use of a natural gas-fired combustion heater. The entire
tunnel (throat, nozzle, test section, and diffuser) is cooled by integral,
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external water jackets. The tunnel 1s equipped with a model injection
syatem, which allows removal of the model from the test section while
the tunnel remains in operation. The general arrangement of Tunnel B
is i1llustrated in Fig. 1.

2.2 TEST ARTICLE

Two model configurations were tested in this phase: (1) a 7-deg
half angle cone with a yirtual length of 40 in. and (2) a biconic model
with a l4-deg half-angle forebody and a 7-deg afterbody (total virtual
lenpgth of 29.849) as shown in Fig. 2. Nose radii of 0.050, 0.100, and
0.500 in. were tested on the conical model in addition to a baseline
sharp nose configuration. The biconic model was tested with nose radif
of 0.050 and 0.500 in., Model components were fabricated from Type 304
etainless steel,

The nodels were instrumented with pressure orifices and Gardon-
type heat-flux gages. Table 1 (Appendix 2) lists the instrumentation
locations and shows that the top centerline was the main ray of pres-—
sure instrumentation and the bottom centerline was the ray instrumented
with Gardon gages. At three stations, pressure orifices were also in-
stalled at 90-deg intervals around the model.

Boundary-layer trips consisted of distributed roughness formed by
Carborundun® grit, machined helical grooves or roughness generated by
blasting the surface with grit. The geometry and locatiom of the trips
are shown in Fig. 3.

2.3 TEST INSTRUMENTATION
2.3.1 Test Conditioms

Tunnel B stilling chamber pressure iz measured with a 200- or 1000-
psid transducer referenced to a near vacuum. Based on periodic compari-
sons with secondary standards, the accuracy (a bandwidth which includes
95-percent of residuals, i.e. 20 deviation) of the transducers is estimated
to be within +0.25 percent of reading or #0.30 pai, whichever is greater
for the 200-psid range and *0,25 percent of reading or #0.8 psi, whichever
is greater for the 1000-psid range. Stilling chamber temperature measure-
mente are made with ChromeﬂELAlumefﬁ*thermocouples which have an accuracy
of *(1.5°F + 0.375 percent of reading) based on repeat calibrations (20
deviation).

2.3.2 Test Data

The Tunnel B pressure system 1s equipped with 1- and 15-psid
transducers which are referenced to a near vacuum. The system auto-
matically selects the transducers and calibrated ranges for best pre-
cision for each pressure measurement. Based on periodic comparisons
with secandary standards, the accuracy of these transducers (bands that
include 95 percent of residuals i.e..20 devietien)} is estimated to be
10.2 percent of reading or *0.0l psi, whichever is greater, for the 15~
psid transducers and *0.2 percent of reading or 10.0015 pal, whichever
is greater, for the l-psid transducers.
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2.3.3 Heat-Transfer Measurements

Heat-transfer data were obtained with 0.125-in. diam Gardon-
type heat-flux gages with Iron-Constantan case thermocouples used to
evaluate an effective wall temperature for determining heat-transfer
coefficient and for monitoring the model structural temperature level
and distribution. The estimated uncertainty in the gage calibration
factor 1s *5 percent. Details of thils type of gage are available in
Ref. 1.

2.3.4 Flow-Field Measurements

Two separate probing systems were used to perform the boundary
layer and flow-fiald surveys. One system was attached to the model
sting and was equipped with a pitct tube, an unshielded thermocouplie
probe, and a shielded thermocouple probe. An overhead probe system
was mounted on the wind tunnel and wazs instrumented with a pitot
tube and an unshielded thermocouple probe.

{

Roth the shielded and unshielded thermocouple probes were made
with Chromel-Alumel thermocouples which had an estimated uncertainty
of *+ (1.5°F + 0.375 percent of reading).

The sting-mounted pitot probe pressure was measured with the stan-
dard Tunnel B pressure system. Overhead system pitot pressure was
measured with a 15-psid Druck® transducer which has an estimated un-
certainty of +0.009 psia. A near-vacuum reference pressure was used
with the Druck tranaducer.

Near—vecuum reference pressures for the transducers used in this
test were measured with a Hastings absolute pressure transducer.

2.4 SURVEY PROBES
2,4.1 Geometry Details

Both the overhead and sting-mounted pitot probes were fabricated by
flattening 2 0.024 in. 0.D. (0.020 I.D.) tube as shown in Fig. 4., This
procedure produced a probe tip thickness of 0.01l0 in. with an open slit
of 0.005 in. height. The actual measured dimensions of the two pitot tubes
used in this test are presented on Fig. 4.

Figure 5 illustrates the geometry of the unshielded (Fig. 5a) and
ghielded (Fig. 5b) thermocouple probes. The unshielded total tempera-
ture probe was fabricated by the VKF from & length of sheathed thermo-
couple wire (0.010-in. 0.D.) with two 0.0015-in. diameter wires. The
wires were bared for a length of about 0.015 in. and the thermocouple
junction formed. The probe was used in this form without a shield,
Figure 5b shows that a manufacturer-prepared thermocouple junction was
installed through a insulating sleeve to form the shielded thermocouple
probe. Four 0.0074-in. diam vent holes were drilled in the shield tube.



2.4.2 Calibration

The recovery temperature characteristics of each total temperature
probe were calibrated in the inviscid portion of the model flow field
and in the tunnel free-stream flow. Calibration data for the unshielded
probes were expressed in the form of recovery factor as a function of
Reynolds number. Shielded probe recovery wags obtained as a function
of both Reynolds numher and Mach number.

2.5 SURVEY MECHANISMS

The overhead probe drive system illustrated in Fig. 6 was designed
and fabricated by the VKF. The positioning mechanism is housed above
a port in the top of the Tumnel B test section. Access to the test
section is through a 40-in.-long by 4-in. wide floor opening which can
be sealed by a pneumatically-operated door. 5Separate drive motors are
provided to (1) insert the mechanism into the test section or retract
it into the housing, {(2) position the mechanism at any desired axial
station over a range of 35 in. with a precision of #0.01 in., and ()
probe a flow field of approximately 10-in, depth with a precision of
+0.001 in. The drive axis inclinaztion of the probe support can be
adjusted, but all surveys obtained during this test phase were taken
with the probe travel mormal to the model axis (i.e. no drive axis
inclination). An offset strut was used in this test to permit surveys
tc be made near the model base. The strut is equipped with a preu~
matically-operated shield to protect the probes during injection and
retraction throught the tunnel boundary layer and during tunnel con-
dition changes.

The sting-mounted probe package shown in Fig. 7 was designed and
fabricated by the VKF. A drive motor and pogition potentiometer were
enclosed in an "L"-shaped sheet metal houaing which had water tubes
for cooling. The system has a vertical drive with & position rescluticn
of *0,001 in, -Tatal vertical travel of the system is approximarely 4
inches. .

Calibration of the probe drive was checked optically with an optical
micrometer, Relative position and lateral spacing of the probes was also
confirmed with an optical micrometer.

3.0 TEST DESCRIPTION

3.1 TEST CONDITIONS AND PROCEDURES
3.1.1 General

A sunmary of the nominal test conditions at each Mach number is given

below: Slugs
M_ Py» psia ?b,‘R Py £t Vs ft/sec P psia Remfft X 1(3-6
5.91 55 845 2.98x10"7 2981 0.037 1.0
5.94 131 | 7.06x 107> 2982 0.088 2.5
5.95 250 T 13.37x 10"} 2983 0.167 4.7
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Table 2 contains a summary of all configurations and test
variables.

The objective of this test phase was to determine the smallest
boundary-layer trip that would bring transition near the trip without
introducing disturbances in the flow field. A boundary-layer trip
that brought the end of transition in the vicinity of the first heat
gage (see Table 1 for gage locations) was considered effective and
suitable to be studied in more detail, This initial approach was
taken since the ultimate goal 1s to fix the end of transition on the
forebody of the biconic conflpgurations to be studied in detail in
later test phases.

3.1.2 Data Acquisitien

Transition location at zero angle of attack was determined from
heat-transfer distributions obtained with the Gardon heat-flux gages.
Prior to each run, the model was cooled by flowing alr over the model
to obtain a uniform wall temperature near room temperature {i.e.
approximately 520°R). The model was injected into the tunnel flow
for about five seconds while a continucus record of page output was
recorded.

Two additional types of heat-transfer data were obtained to pro~-
vide information about the circumferential transition distribution
at angle of attack. One data mode was performed by rolling the model
at a fixed angle of attack while contimiously recording the gage out-
put. These data provided a circumferential map of transition location.
The second dynamic data mode involved obtaining a continuous record of
gage output with the model moving in the pitch plane at approximately
1 deg/sec. These data are useful in defining the movement of tran-—
sition along the windward and leeward model rays with angle of attack.

Surface-pressure data were obtained on primary configurations such
as the sharp cone baseline body and configurations with selected bluntness/
trip combinations.

Flow-field surveys consisted of approximately 50 data polints obtained
at different heights above the model surface at a station 0.5 in. (sur-
face distance) forward of the model base (see Fig. 8). The probe direction
of travel was normal to the model cenmterline. Both total tempetature and
pltot pressure measurements were made simultaneously along with model wall
pressure and temperature data at the probe station. Data were recorded
after the pitot pressure had stabilized. The total survey distance probed
was approximately 4 inches. Procedures used for both the on-board and over-
head probes were 1dentical.

Initial probe positioning on the model wall was monitored optically
with a high reseolution (525 lines/frame) closed-circuit television

(CCTV) system. The camera was fitted with a telescopic lens system
which gave a total magnification factor of 38 (from tunnel centerline
to monitor picture)}. The television image was used to verify contact

——
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between the pltot tube and the model wall before obtaining the first

data point in a survey. Television monitoring also made it possible to
evaluate the deflection of unshielded thermocouple probes caused by the
aerodynamic loading. This deflection was estimated to be nominally 0.010
in.

3.2 DATA REDUCTION

Although some portions of the data reduction used in this study were
fairly standard, the flow field probe data included an evaluation of several
boundary layer parameters including the definition of the boundary layer
thickness, displacement thickness, momentum thickness, kinetic energy
thickness, and total enthalpy thickness. Also, speclal deta reductionm
procedures were needed to correct the shielded and unshielded total tempera-
ture probe measurements. A complete summary of the data reduction procedures
used in this study are included in Appendix III.

3.3 VUNCERTAINTY OF MEASUREMENTS
3.3.1 General

The accuracy of the basic measurements (p, and T,) was discussed in
Section 2.3. Based on repeat calibrations, these errors were found to
be

Ap AT
—2 = 0.0025 = 0.25%, —= = 0.005 = 0.5%

po TO

Uncertainties in the tunmnel free—streamlparameters and the model
zerodynamic coefficlents were estimated using the Taylor serles method
of error propagation, Eq. (1},

2
Ax2+

!
2 o 2

2
oF ARy| e+ t——— AX | 1
n,

2
(AF)" = 5—5{—1-::\}{1 +

F
3X2

oF

BX3 axn

where AF is the absolute uncertainty in the dependent parameter
F = f(x1, Kz, K3 - xn) and Xn is the independent parameter (or basic

measurement). AX_ is the uncertainty (error) in the independent measure-
ment {or variable?.

3.3.2 Test Conditioms

The accuracy (based on 20 deviation) of the basic tunnel parameters,
P, and T , (see Section 2.3) and the 20 deviation in Mach number determined
fPom tes? section flow calibrations were used to estimate uncertainties
in the other free-stream properties using Eq. (1). The computed uncertainties
in the tunnel free-stream conditions are summarized in the following
table.



Uncertainty, () percent of actual value

~BH
M Re /ft x 10 M_ P q, Re /ft PooVoo P
5.91 1.0 0.3 2.1 1.4 1.0 1.3 1.4
5.94 2.5 0.2 1.0 0.7 0.7 0.9 0.7
5.95 4,7 0,2 1.0 0.7 a.7 0.9 0.7
3.3.3

Model surface pressure and on-board pitot probe data uncertainties
are discussed in Section 2.3.2. Summarizing, measurements at pressure
levels at 1 psia or less have an estimated uncertainty of 0.2 percent of
reading or *0.0015 psi, whichever is greater. Measurements above 1 psia
have an estimated uncertainty of *0.2 percent of reading or 10.01 psi,
whichever is greater. Overhead probe instrumentation is discussed in de-
tail in Section 2.3.4 in which an estimated pitot pressure uncertainty is
+0.009 psia.

Total temperature measurements from both the shielded and the un-
shielded thermocouple probes is estimated to be *(1.5°F + 0.375 percent
of the reading). Consequently, because data were obtained under hot
wall conditions (approximately adiabatic}, the estimated uncertainty
in the probe measurements throughout the flow field surveys is 0.5
percent of reading.

The estimated uncertainty in Gardon gage calibration factors is 15
percent. Overall uncertainty in the heat-transfer ccefficient, H(TO),
is estimated to be 16 percent. After the uncertainty in free-stream
values of density and velocity i1s considered, the overall uncertainty
in Stanton number is estimated to be *6.1 percent. ,

Based on optical observations and mechanical resolution the esti-
mated uncertainty in probe position 1s 20.002 in. As noted earlier
in Section 3.2.2, deflection of the unshielded thermocouple probe was
optically evaluated to be 0.010 in. This deflection was accounted
for in the data reduction. This uncertaiaty in the axial position of the
probe was *0.050 In.

The uncertainties of all primary measurements such as pressure,
temperature, heat flux rate, model attitude and free stream Mach
number nonuniformity have been identified. The uncertainty in some of
the free stream parameters have been identified, but the uncertainty
in many of the other parameters (for example, boundary layer -parameters)
listed in the tabulated and plotted resulte of the final data fall out-
side the scope of this ‘report.

3.4 DATA CORRECTIONS

The longitudinal heat~transfer distribution on the 7-deg cone showed
more irregularity than expected based on the estimated uncertainty in the
gage data, Consequently, a procedure was established to smooth the data
by obtaining correction factors for the indicated heating level. The data
distribution was compared with calculated turbulent and laminar heating
data, Based on these comparisons, smooth fairings through the data were

10



obtained. A separate set of correcticn factors were obtained for the
iaminar and turbulent cases since these were the extremes in heating
levels encountered. These two sets of correction factors were averaged
and applied to the data, Correction factors were applied only to the
7-deg cone and the 7-deg conical afterbody. Data tabulations show both
corrected and uncorrected data.

A correction for unshielded probe position was made to account for
probe downward deflection resulting from aerodynamic loading. The de-
flection magnitude was determined from the television monitor screen and
estimated to be 0.010 in.

4.0 DATA PACKAGE PRESENTATION

A complete set of test results in tabulated and graphical form has
been transmitted to SAMSO (test sponsor) as a Final Data Package. The
data computational procedures were checked by performing manual calcu-
lation verification of the computer calculations. Sample tabulated
data and nomenclatures appear in Appendix IV,
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Distributed grit trip
Fig. 3 Boundary-Layer Trip Geometry
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Table 1 Concluded
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TAELE 3

SHIELDED THERMOCOUPLE PROBE CORRECTION CONSTANTS

PEC G RED/ (L/D) U/UE
0 0 0 2.000
4 0.005 10.0 2,000
5 0.013 13.3 1.992
7 0.035 22.2 1.950
g 0.060 29.6 1.910
11 0.092 A 1.820
15 0.155 66.7 1.710
20 0.220 101.6 1.610
30 0.320 142.9 1.510
40 0.390 207.8 1.420
50 0.450 326.5 1.320
60 0.490 571.4 1.230
80 0.550 1142.9 1.160
100 0.590 2285.7 1.110
150 0.660 10000,0 1.050
250 0.730
500 0.800 -
1000 0.860
10000 0.870
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APPENDIX III

DATA REDUCTION

DATA REDUCTION NOMENCLATURE

1. Surface Pressure Data
2. Heat-Transfer Data
3. Probe Data
3.1 Pitot Pressures
3.2 Shielded Thermocouple Measurements
3.3 Unshielded Thermocouple Measurements
4. Boundary-Layer Integral Values
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DATA REDUCTION NOMENCLATURF

AE Shielded thermocouple probe entrance area, in.
AN Shielded thermocouple probe calibration constants
AV Shielded thermocouple vent area, in.2
C1 Gardon gage calibration factor at 70°F, BIG/ftZ - sec - mv
c2 Gardon gage calibration factor at operating temperature, BTU/ftz-
2 2 BEC~ToV
cP Specific heat of air, ft"/sec™-°R
DELU Boundary-layer thickness, in.
DELU* Boundary-layer displacement thickness, in.
DELU2 Boundary-layer momentum thickness, in.
DELU3 Boundary-layer kinetic energy thickness, in.
DELU4 Boundary-layer total enthalpy defect, in.
DS Shield thermocouple probe inside diameter, ft
d Unshielded thermocouple probe tip diameter, ft
E Gardon gage output, mv
G Shielded thermocouple probe calibration factor
H{TO) Heat~transfer coefficient based on T,, BTU ft2 -~ sec-°R
HINM Shape factor, DELU*/DELU2
HU2 Shape factor, DELU2/DELU3
K Gardon gage temperature calibration factor, *R/mv
LAMBDA Shielded thermocouple calibration factor (see Eq. 5-10)
L/D Shielded thermocouple probe length-to-diameter ratio
ME Shielded thermocoupie probe entrance Mach number
MSI Local Mach number at shielded temperature probe location
MUE Flow viscogity at shielded thermocouple probe entrance,
1bf sec
PT2
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MUl

MUUT

PEC
PO

POE

POUL

PPS

PPU

PR

PWi

RED

REU

Re_, Re,/ft
RHOUE

RHOUL

Local Mach number at unshielded thermocouple probe
location

Local flow viscosity at the unshlelded thermocouple
probe lacation, lbf-sec/ft

Free—stream Mach number
Peclet mnumber
Tunnel stilling chamber pressure, psia

Local total pressure at the shielded thermocouple
probe location, psf

Local total pressure at the unshielded thermocouple
probe location, psia

Local pitot pressure at shielded thermcouple probe
location, psia

Local pitot pressure at unshielded thermocouple
probe location, psia

Prandtl number = 0.715

Wall pressure at pressure orifice No. 1, psia
Free-stream static pressure, psia

Heat-flux rate, BTU/ftz—sec

Free-stream dynamic pressure, psia

Universal gas constant for air, ftZISEc2-°R
Probe shield recovery factor = 0.84

Body radius at probe station, in.

Local entrance Reynolds number for the shielded
thermocouple probe

Local Reynolds number at unshielded thermocouple
probe location

Free=-stream Reynolds number, ft_1

Flow~field density at the boundary-layer edge, slugs!ft3

Flow-field density _at the unshielded thermocouple probe

location, slugs/ft3
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ST (INF)

TCAL

TE

TEDGE

TEU

TO

TOSI

TQUM

TOSM

T51

TUL

W

AT

U/UE

UUE

UL

v
o

X, XSURF

LS

ZU

Stanton number

Temperature parameter used to define boundary
layer edge temperature (TED}, °R

Entrance static temperature for the shielded
thermocouple probe, °R

Gardon gage sensing disc edge temperature, °R
Boundary-layer edge total temperature defined
from corrected unshielded thermocouple probe
data, °R

Tunnel stilling chamber total temperature, °R

Local corrected total temperature from shielded
thermocouple probe, °R

Measured total temperature from the unshielded
thermocouple probe, °R

Measured total temperature from the shielded
thermocouple probe, °R

Local static temperature at the shielded thermocouple
probe location, °R

Local static temperature at the unshielded thermocouple
probe location, °R

Model wall temperature, °R

Temperature difference between the center and edge
of a Gardon gage sensing disc, °R

Velocity ratio at the entrance to shielded thermocouple
probe, ft/sec

Boundary-layer edge veloclity, ft/sec

Local velocity at unshielded thermocouple probe
locatian, ft/sec

Free-stream velocity, ft/sec
Model station and surface length, respectively, in.

Height of shielded thermocouple probe above the
model surface, in.

Height of unshielded thermocouple probe zbove the
model surface, in.
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Y Ratio of specific heats = 1.4

n, ETA Unshielded thermucouple probe calibration
function
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DATA REDUCTION
1. Surface Pressure Data
All surface pressure data were reduced using standard facility data
reduction procedures. Linear transducer calibration factors were ohtained

prior to each operational period so a simple calculation was necessary:

PRESSURE = SCALE FACTOR (READING-ZERQ) + REFERENCE

2, Heat-Transfer Data

Thermopile-type Gardon heat‘gages described in Ref. 1 were used to
obtain heat-transfer distribution. The heat flux to the gage is computed
as follows:

q = C,E - (1)
BETU

where CZ = gage calibration factor,
' ft —sec-mv

E = gage output, mv

Calibration factors include compensation for variation in wall temper-
ature:

c

5 = C4 [4.72373 _ (2.83765 x 10 2)TEDGE

s . (2)
+, (7.82707 x 10"°) (TEDGE)
- (9.44869 x 10 %) (TEDGE)"

+ (4.30151 x 10‘”)(Tsncx)“]

where C1 = gage calibration factor at 530°R
TEDGE = gapge sensing disc edge temperatuare, °R
The temperature difference between the center and the edge of the
gensing disc was calculated by:
AT = K°E (3)
where:

K = gage temperature calibration factor, °"R/mv
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L4

The gage edge temperature was measured directly and combined with
AT to obtaim an effecrive wall temperature:

T, = TEDGE + D.75 AT (4)

This method of obtaining an effective wall temperature 1s discussed in
detail in Ref. 2.

Heat-transfer coefficient was then calculated as:

H(TO) = Ef‘ﬁ (5)

*

Further reduction to Stanton number was achieved using the following:

PV, [0.2235 + (1.35 x 107°) (To+TW) ]

ST(INF) =

3., Probe Déta

Mean-flow boundary-layer data are presented as measured pressure
and temperature values. Final reduced boundary-layer parameters are
calculated only for those cases which satisfy the requirements for
defining a boundary-layer edge. True probe heights above the cone
surface were determined in the radial direction. The curvature of
the model surface at the survey station, the lateral spacing of the )
probes in the rake, and the relative wvertical spacing of the measure-
ment probes were taken into aceount,

3.1 Pitot Pressures

Pitot pressure data were reduced following the procedures described
in Section 1 which apply to surface pressure.
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3.2 Shielded Thermocouple Measurements

The following calculation procedure was applied te obtain local
total temperature from shielded thermocouple probe data following Varner's
approach (Ref. 3) and is listed below and shown in a following block

diagram.

S-1 Interpolate the local pitot pressure, PPO, from IP to &
value at the 28 locations, AT ZP = 0, set PPO = PW],
Designate interpolated values of PPD as PPS.

S-2 Compute the local Mach number, MSI, as follows:

a. If PPS/PWI < ({Y+1)f2)?:1
=1 1
b. Then MSI = [[PPS/PW1’ Y —1] [ZI(Y-Iﬂ 2

Otherwise, iterate the following to obtain MSI:

Yy _
2 JY-1. 2 Y-1
PPS/PW1 = | (y+1){MSI)“/2 [(YH)/(ZT(MSI) —(7—1))]

5-3 ME = D.176

TOSI
1+ 3;—1 (MST) 2

S-4 TSI =

For First Iteration,

TOST Set TOSI = TOSM

1+"—;1 (ME )2

§-5 IE =

39



_ 0.227(10~7) (rey*/2
199 + TE

s-7 If MSI < 1

i

POE = |[PW1 [1 + I%l ms1)? 1 Y fiss, pst

If MSI 2 1
1
2|y-1 Y1
pog = (pwi} S MED) il I
2y (MSI) "= (y-1}
1
S-8 RED = 2 \7 &L”z 1 [51 POE\/ DS }
Y+1 Y+1 g1/2||AE | |MUE (TOSI)1/2
S-9 PEC = (RED)(PR/2) Note: Set PR = 0.715
- 1 TSI
5-10 LAMBDA = {TSI) + R (Ms1)? I8

~1
2
_ _ _ YR IE U, _
5-11 TOSI = TOSM {E + (G-I + 5 CP T0S1 {ME) ﬂﬁi 1

The values of G and U/UE are listed in Table 3.

INPUT DATA:
TOSM VS 25
POE VS I8
MSI VS Z5

At each Z§ value, correct probe data as follows:

(a) Assume TOSI = TOSM compute ' (Eq. 5-10),
RED (Eq. S-8), PEC (Eq. §-9).

(b) Compute G and U/UE by interpolating from Table 3

{(c) Calculate the corrected temp., TOSI, from Eq. S-11
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ON-BOARD SHIELDED THERMOCOUPLE PROBE CALCULATION
BLOCK DIAGRAM

o1 INTERPOLATE
PRESS. ~PPS

§-2 MST

§-3 -.”ME

S-4 st

55 TE  f—

56 MUE

57 POE

5-8 RED

S-9 PEC

5-10 __E}_Elf U/UE“;:]

5-11 TOSM/TOSI

>0.005

41



(d) Using corrected value of TOSI, Repeat steps (a} through
(c) until:

TOSM
TOSI

_(TOSH
4+1 | BOST
TOSM
TOSI |,
i

, % 0.0005
1

CONSTANT INPUTS:

Y = 1.4 9 5

R = Gas constant = 1717, ft“/sec -°R

CP = 6006, ft2/sec’~°R

R = Probe shield recovery factor = 0.84
AV/AE = Vent area to entrance area ratioc = 0.298

DS = Tube entrance inside diam = 0.001667 ft

L/D = Tube entrance length/diam ratio = 2.0

3.3 Unshielded Thermocouple Measurements

This section contains the procedure for obtaining local total
temperature from the unshielded thermocouple probe output. The nomen-
clature used herein applies to the on-board probe although the identical
procedure was used for the overhead probe. The procedure, shown in a
block diagram (follows listing of equations) 1s as follows:

U-1 Interpolate the local pitot pressure, PPO, from ZP to a value
at the ZU locations. Designate the interpolated values as PPU.

U-2 Compute the local Mach number, MUI, as follows:

a. If PPU/PWI < ((y+1)/2 )YT‘
=1 1/2
b. Then MUI = [[PPU/Pm} Y -1][2!(\'-1)]

Otherwise, iterate the following to obtaln MUI:
i A
2, ¢! 2 ¥-1
¢. PPU/PWI -[(YH)(MUI) /2] {(WI)/ZY(HUI) -('Y-'l)]

U-3 If MUI <1 POUI = PPU .

If MUL > 1

Y 1
T-1‘ ¥-1
g-nown 2] [zyewnZ- -1
(y+1) oD YH

POUI = PPU
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: _ |1a4 pin Y1 oo 2
U-4 RHOUL = {gpomr| {1 + 45 \MUL

w1y 2\

y-5 TUI = TOUI |1 + 5

U-6 UUI = MUI [‘rR('['UI)]U2

0.227¢10~7) (Toury 3/ 2

U-7 MUUI =

199 + TOUI
. _ (RHOUI) (UUT}(d)
U-8 REU = UL
U-9 n = ETA = (JE )
5-0

Note that AN coefficients are unique for each probe

143 2
U-10 TOUI=TOUM o 1) 3
1477 1 00D
INPUT DATA:
TOUM V5 ZU
POUL VS ZU
MDI VS 24

At each ZU wvalue, the data was corrected as follows:
(a) Assume TOUL = TOUM, compute REU from Eq. U-8
(b) Compute n from Eq. U-9
(c) Compute corrected temperature, TOUI, from Eq. U-10

{(d) Using the corrected value of TOUI, repeat steps (a) through

(c) until
(TDUH 'TDUM
TOUI j+éggE?UUI < 0.0005
TOUI j
INFUT CONSTANTS:
d - Probe tip diameter = 0.005 in. = 0.0004167 ft.

AD,A1,A2 ..,., Calibration constants (see Table 4)
Y = 1.4, ratio of specific heats
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ON-BOARD' UNSHIELDED THERMOCOCPLE CALCULATIOR
BLOCK DIACRAM

u-1 INTERPOLATE
PRESS.~ PPl
U-2 MUI
u-3 POUI
U-4 RHOUI -
U-5 TUI
U-6 Ul
v-7 MUUT
Start:
-8 REU - Agsune’
TOUI = TOUM
U-9 ETA
U-10 TOUM/TOUI
>0.0005




4, Boundary-Layer Integral Values

The procedures described in this section were used to evaluate
boundary-layer parameters from integral relationships. Establishment
of the boundary-layer edge location and flow conditions iIs required to
establish the upper limit for the integrals. Note the precaution
listed with the calculations.

1. INPUT DATA:

TOUL vs ZU

2. where TOUI is corrected unshielded thermocouple value.

3. Moving from the point ZU = 0.7 towards ZU = 0, curve fit

the data set TOUI vs ZU. Sets of five points should be
fitted with a second order (parabolic) fit.

4. Evaluate the curve fit segments and locate the value of
ZU at which the value of I

TOULI = TCAL (1 %0.0025).
NOTE: For cases where TOUI = 0,9975 TCAL, print message:
"BOUNDARY LAYER EDGE CONDITIONS OF TOTAL TEMPERATURE
OVERSHDOT NOT MET. INTEGRAL PARAMETERS SHOULD BE
USED WITH CAUTION."
5. When the point in Item 4 has been located evaluate bath
TOUI and ZU and designate as follows:
DELU = ZU
TEU = TOUI
6. INPUT DATA:
RHOUL vs ZU (boundary-layer edge)

UL ve ZU

7. Using the same ZU wvalues used in Item 4, fit the data from
Item 6 with a second order (parabolic) fit.

8., Evaluate the curve fits in Item 7 at DELU = ZU. Degignate
the values of RHOUI and UUI as follows:

RHOUL
uuI

RHOUE

UUE @ DELU
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9, Determine displacement Lbickness by evaluating the fellowing:

DELD 1
2 cos B rrovT) (vD) | [, . (Z0) (cos B)
* * —— = -_— e e e
DELU* + (DELU¥)™  5=rgpy z£=o [‘ (REOUE) (UUE) | | | RE dzu
where § = body surface angle at the survey station, degp
RE = body radius at the survey station, in.

Use the quadratie equation:

DELU* = 'E_:&EE_Z_E_
2a
where .- cos ©
2{RB)
b =1

- {

ZU=0

10, Determine momentum thickness by evaluating the following:

- (RHOUE) (UUE) REB

0
N

DELU[ (RHOUT) (UUL) “1 4 £20) (cos ©) ] 470
1

DELU
2 cos B - (RHOUL) (UUL) uul (ZV) (cos B)
DELUZ + (DELU2)® =oo=— ZIIJ=0 cxaovE) ogy |- ouEl|Y YR o%
Use the quadratic equation:
2 tac—
pELU2 YRizhac-b
2a
where _ cos 8
2RB
b= 1
DELU
c = dzu

{RHOUI) (UUT) 1- UUl 1+ (ZU) (cos 8)
(RHOVE) (UUE) UUE RB

ZU=0
11. Determine the kinetic energy defect from the following:

DELU 2

3 cos 8 _

7R T+

DELU3 + (DELU3) M‘—’-§—Q\dzu

(RHOUT) (WUD) |, _ { vUL
RB
/

{RHOUE) {UUE) UUE

ZU=0

Use the quadratic eguation:

DELU3 = vp2-hac-b

2a
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whera

_Ccos B

2RB

b =1

e P eon @un |, fuer)? (L @0 Geos 8)

_ (RHOUE) {UUE) UUE RB
ZU=0
12. Determine the total enthalpy defect:
DELU
. 2 cos 8 _ (RHOUI) (UUL) _ Toutl 1+ (ZU) (cos 8) 7
DELU4 + (DELU4)" Z5gg = ¢ (RHOUE) (UUE) | '~ TEU RB dzu

Use the guadratic equation:

DELU4 = vVp2-bac - b
2a

where
cos B

DELU

{RHOUI) (UUI) 1 - TOUL 1+ (ZU) {cos 8 4z
(RHOUE) (UUE) TEU RB

n
[

Z0=0

13. Calculate shape factor:

. DELU*
HU1 = 35773
_ DELU2
HU2 = prr3
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APPENDIX 1V

SAMPLE DATA NOMENCLATURE ANR FORMATS

Nomenclature: Sutface Fressure Data

Sample Data: Surface Pressure Data
Nomenclature: Heat-Transfer Data

Sample Data:  Heat-Transfer Data
Nomenclature: On-Board Probe Flow-Field Data
Sample Data: On-Board Probe Flow-Field Data
Nomenclature: Overhead Probe Flow-Field Data
Sample Data: Overhead Probe Flow~Field Data

=~ ohnwbn LN =
. e w s .
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ALFHA MODEL
ALPHA FB
CONFIGURATION
DATA TYPE
DEW fOINT
GROUP

L

M(INF)

MU (INF}

NOSE RADIUS

ORIFICE
PHI

P (INF)
POP

PO

PW
Q(INF)
RE (INF)
RRO (INF)
ROLL
T{INF)
TO
TRIP
U(INF)
X

XSURF

Iv-1.

NOMENCLATURE: SURFACE PRESSURE DATA

Model angle of attack, deg

Support sting prebend angle, deg
Model configuration (see Fig. 2)
Type of date tabulated

Free-stream flow frost point, °F
Data group number

Sharp 7-deg come axial length, 40 in.
Free-stream Mach number

Free-stream viscosity, 1bf-sec/ft2
Model nose tip radius, in.

Model pressure ofifice identification
(see Table 1)

Pressure orifice circumferential leocation
{see Table 1), deg

Free-stream gtatic pressure, psia
Free-stream normal shock pressure, psia
Tunnel stilling chamber pressure, psia
Model wall pressure, psia

Free—stream dynamic pressure, psia
Free-stream Reynolds number, per foot
Free-stream density, alugs/ft3

Model roll angle, deg

Free-stream static temperature, °R
Tunnel stilling chamber temperature, °R
Boundary-layer trip configuration
Free-stream velocity, ft/sec

Model station, In.

Orifice Surface location, im.
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0s

ARG, INC = AEDC DIVISION : : . DATE COMPUTED 26+JUN=Td

A SYERDRUP CORPORATION COMPANY , DATE RECORDED 30=JAN=79
YON KARMAN GAE DYNANICS PACILITY : TINE RECOADED 3251 38358
ARNDLD AIR FORCE STATION, TERN PROJECT KO v4lB=WoA '
’ SANSO/DOTR HYPERSONIC TURBULENT BOUNDARY LAYER IWVESTIGATION
PHASE I
croup 31 ALPHA MQDEL » =0,)S DEG,  DEW pYse32,00 CONFIGURATION NOST RADIUS,IN TRIP
NCINF)s 8,93 ALPHA PB ® 13,00 DEG, {ped r} 7<DEG CONE SHARP NONE
RECINF)a 4,736E+06 PER FT AOLL » =0,02 DEG, L
DATA TYPE T
BURFACE PRES ~
ORIFICE X . 7)1 X8URF PHI PW PH/PINF
LIN) (IN) (DEG) (PEIA) w
17 8,090  0,2023 9,150 0. 0.3%) 2,10 2
16 v.087 06,2271 9,180 0, 0,343 . 2,04 o
1% 11,067 0.2767 11,150 0. 0,342 2,03 —
14 13,052  0,326)3 13,150 0. 0,336 2.01 ®
13 {s,017 0,37%9 15,150 D, 0,342 2,04 o
12 17,023  0,4256 17,150 0. 0,350 2,09 3
5! 20,000  ©0,5000 20,150 Q4 0.331 1,98 o+
10 22,078 0,5519 22,300 0. 0,338 2,02 ot
9 24,060  0,6015 24,300 O 0,339 2,02
8 26,043 0,6511 26,300 0, 0.336 2,01
1 20,030  ©,7008 28,300 0. 0,346 2,07 u
6 30,015  0,7504 30,300 0, 0,341 2,04 g
5 32,000  0,8000 32,300 0. 0.342 2,04 o
4 33,968  0,9496 34,300 0. 0,347 2.07 »
3 38,970 0,8993 36,300 0, 0,341 2,04 g
2 38,013  0,9504 39,1300 0, 0,345 2,06 '
3 39,504  0,9876 39,900 0. 0,345 2,08 "
24 11,067  0,2767 11.15¢ =90, 0,323 1.92 R
13 30,015  0,7504 30,300 =90, 0,322 1,92 o
22 39,504  0,9076 39.800 =90, 0,323 1,92 0
27 11,087  0,2767 11,150 90, 0,324 1.93 e
26 30.01%  0,7504 30,300 90, 0,323 1,92 o
2% 39,504  0,9876 39,600 90, 0,130 1,96
T 11,067 0.2767 11,150 100, 0,323 1.93 (=]
29 30.01% 0,7504 30,300 180, 0,304 1.91 =
1 39,504  0,9876 39,800 100, 0,315 1,80 ®
¥ 39,511 0.9628 30,000 0. 0,345 2.06
3 BASE BABE Dy 0,368 2.20
3 BABE BASE 180, 0,002 0,49
P0 = 280,73 PSIA UCINF)s 2982,3 FI/SEC
T™Q = 944,7 DEGR QlINF)= 4,143 PSIA
.P(INF}® 0,167 PSIA T(INF)m 304,5 DEGR
RE(INF)® O0.478E¢07 PER PT pOP = 7,70 PEIA

NUCINF)m  O,044E=07 LBF-8EC/FT2 AHO(INF)w 0,1342+0) SLUGS/FT)



IV-3. NOMENCLATURE: HEAT-TRANSFER DATA

ALPHA MODEL Model angle of attack, deg

ALPHA PREBND Support sting prebend angle, deg

ALPHA SECTOR Tunnel sector pitch angle, deg
CONFIGURATION Model configuration (see Fig. 2)

DATA TYPE Type of data tabulated

DEW PT Free-stream flow frost point, °F

GAGE NO. Gardon gage ldentification number {see Table 1)
GROUP Data group number

H(TO) Heat-transfer coefficient, BTU/FTZ—Bec—°R
L Sharp 7-deg cone axlal length, 40 in.
M{INF) Free-stream Mach number

MODE Static or dynamic data mode identification
MU(INF) Free-stream viscosity, lbf-secfft2

NOSE RADIUS Model nose tip radius, in.

P{INF) Free-stream static pressure, psila

PO Tunnel stilling chamber pressure, psia
QDOT Heat-flux rate, BTUIFTz—sec

Q({INF) Free-stream dynamic pressure, psia
RE(INF) Free-stream Reynolds number, per ft

RHO (INF) Free-stream density, 1bmfft3

RCLL Model roll angle, deg

ST{INF) Stanton number

ST{INF) (CORRECTED) Stanton number corrected (See Section 4.5)

TEDGE Gardon gage sensing disc edge temperature, °R
T(INF) Free-stream static temperature, °R
TO Tunnel stilling chamber temperature, °R
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TRIF

V(INF)

XSURF

Boundary-layer trip configuration -~ sphere
and pgrit sizes stated in inches

Model wall temperature, °R
Free-stream velocity, ft/sec
Heat-gage model station, in.

Heat-gage surface location (see Table 1}, in.
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AR{E, THE,
AEDC DTIVIBION
A BYFMDRLP CURPOFATING COMPANMY .
YOr KaAPmaN GRS DYVAXICS PACILITY
SO IWCH HYFERSOANIC TUMMEL R
ARNNL-D ATR FIaCE STATLIN=, T,
PATE 01/31/78 PROJECT 80, V41B=WEA

. SAMSU/DOTR HYPERSONIC TURBULENT BDUNDARY LAYER INVESTIGATION

PHASE I
GARDON GAGES

* %Al

g1ed ajdues

gled I9ysuBIl<1eoH

NATE TIvE TIME REDUCED TIME FRDOM CL
01/23/78 281%¢222 359 218151421372 1,04
OATA TYPE CNNFLIGURATION NOSE RADTIUS,]IN, TRIP MODE
HEAT TRAHSFER
7=DEG CONE SHARP HONE ATATIC
GAGE %O, X X/L X opnT TEDGE ™ H{TO) STCINF) BT(IRF)
(1a,) SURFACE (BTU/FT2=SEC) (DEG,R) (DEG,4R] (BTU/FT2=SEC=DEGR) (CORRECTED)
Gi9 R, 090 -2023 4,150 0,3222 529,7 §31.4 0.102E=02 0,326€=0) 0,306E=01
G183 9,062 « 211 9,150 0,363¢ 529.7 S3[,.6- 0.115E=02 0,368F=03 0,353E=02
G17 13,052 « 3263 13,150 . 0.,950) 532,1 537.1 00,3107 =02 0,9488E-0) 0,956E=03
G1é 15,037 +« 3759 18,150 0,7569 532,1 536.1 0,244E=02 0.780E=0) 0.780E=02
G1s 17.023 » 4256 17.1%0 0,9560 5313.5% 538.% 0.311E=02 0.991E=03 0.867BE=0)
G14 1B 014 AS04 18,150 0,8594 532,89 537,33 0.,27BE=-02 0,986E=03 0.958E=0)
613 19,00% 2752 19.150 0.7914 532,85 538,7 0,.255E=02 0,815E-03 0,854E=03
G132 10,000 « 3000 20.1%0 0,6903 532,1 536,7 0,22)E~02 0.7T1IE=0) 0,0829E=03
wi Gli 20,903 5248 21,150 0,7865 $34,2 338,3 - 0,253E~02 0,814E=03 0,048E-03
W Gio 22,0718 35918 22,240 0,9432 $32,9 537.8 0,305E=02 0,974E=03 ¢,833E=])3
G9 23,067 5767 23,240 0.9416 531,13 518,13 0,305FE=02 0,974E=03 0,820E=-03
Ge 24,060 08015 24,240 0,852 $33.% 538,13 0,276F=02 0,881E=0Q] 0,82C0E=03
G7 25,057 6263 253,240 0,8922 534,12 530,80 0,290K«02 0,925E=0) 0.903E=01
Gh 26,04% 6511 26,240 0.7296 $24.4 538,3 0,237E~02 0,755E=03 0,803K=03
G5 2F 030 «T008 28,2490 0,7560 33,2 §3%7.) 0,244E=02 0,7TROE~D3 0.789E=0)
(<L} 12,000 29000 32.240 0.7770 332,6 536,7 0,251E=02 0,800E=03 0.,713E~03
G3 33,965 «BE%6 34,300 0,7902 532,6 336.7 0.255E~02 0.BR14E=03 0,800E=0)
G2 35,970 «2993 36,300 0.7618 S28.6 532,98 0.243E=02 0, TTSE=D3 0.,807E=03
Gl g, 01% « 9504 38,300 C.8456 %26,9 535.4 0,268E=02 0,056E=0) 0,791E~03
MITNF)= 5,958 PDe 252,356 PS1A V(INF)= 2965.7 F1/B8EC
FOLLe =0,02 DEG, TO= B46,7 DEG.R QU(IRF)® 4,170 PEIA

MLPHA SECTOR= =13,0e DEG,
ALPHA PREAND® 13,00 DEG,
ALPHA MODEL = <0,08 DEG,

PUINF)= 1683 PBIA

RE(INF)m 4,770E+086 PER FT,
MUCINFI= 8,432F=-08LAF=8EC/PT2
RHOCINF)® 4,334E=03 LBN/FT3

TCINF)s 104,§ DEG,.R
DEN PTm «30,.DCG,F

GROUP 2



IV_S -

PRINTOUT PAGE ONE

ALPHA MODEL
ALPHA PB
CONFIGURATION
DATA TYPE
DEW PT

GROUP

LOOP

M(INF)

MU (INF)

NOSE RADIUS
P(INF), PINF
PO

POP

PPO

PROBE STATION

PWX
Q(INF)
RE(INF)
RHO{INF)
ROLL

T (INF)
TGX

TO

TOSM

NOMENCLATURE: ON-BOARD PROBE FLOW-FIELD DATA

Model angle of attack, deg

Support sting prebend angle, deg
Model configuration (see Fig. 2)
Type of data tabulated

Free-stream flow frost peint, °F
Data group number

Data point identification number
Free-stream Mach number
Free-stream viscosity, lbf-secfft2
Model nose tip radius, in.
Free-stream static pressure, psia
Tunnel stilling chamber pressure, psila

Free-gtream total pressure downstream
of a normal shock, psia

On-board probe pitot pressure, psia

Probe atation location measured along model
surface from model nose tip, in.

Model wall pressure at the survey station (X), psia

Free-gtream dynamic pressure, psia
Free-stream Reynolds number, per foot
Free-stream density, slugs/ft3

Model roll angle, deg

Free-stream statlc temperature, °R

Surface temperature at model statiom (X), °R
Tunnel stilling chamber temperature, °R

Shielded thermecouple probe total temperature
measurement, °R
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TOUIL,TOSI Corrected total temperature measurement of
the unshielded and shielded probes respectively,
-]
R

TOUM Unshielded thermocouple probe total temperature
meagurement, °R

TRIP Boundary-layer trip configuration - sphere and
grit dimensions stated in inches

TW1 Model wall temperature at probe survey
station, °R

U (INF) Free-stream velocity, ft/sec

UL Loqal velocity, ft/sec

ZP Pitot probe height above model surface, in.
5 Heiéht of shielded thermocouple probe above

model surface, in.

u Height of unshielded thermocouple probe above
model surface, in.

PRINTOUT PAGE TWO

All heading information is identical to page one.
T6-1 - TG-19 Gardon gage case temperature, °R

PRINTOUT PAGE THREE (UNSHIELDED TEMPERATURE PROBE CORRECTIONS)

All heading information is identical to page one.

AD - A4 Calibration constants
Effective probe recovery factor

ETA

LOOP Data point identification number

MUL Local Mach number at survey point

PO Tunnel stilling chamber pressure, psia

PPU Local pitot pressure interpolated from

REU Local Reynolds number at survey point

TO Tunnel stilling chamber temperature, °R

TOU L Local corrected total temperature at survey
point, °R

TOUM Unshielded thermoccouple probe reading, °R

U Height of unshielded thermocouple probe above

model surface, in.
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PRINTOUT PAGE FOUR (BOUNDARY LAYER VALUES)

DELU Boundary-layer thickness, in.

DELU* Displacement tﬁidkness, in.

DELUZ Momentum thickness, in.

DELU3 Kinetic energy defect, in.

DELU4 Total enthalpy defect, in.

HU1T Shape factor, DELU*/DELU2

HU2 Shape factor, DELU/DELU3

RHOUE Flow density at boundary-layer edge, slugs/ft3
TEU Total temperature at boundary-layer edge, °R
DUE Flow velocit§ at boundary-layer edge, ft/sec
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AFRUp IFL. = l!-l-\- irioILtN

37 iT Qup ATE 140 isg
naly; S iy, M DR B SR B O G 8N am em e ,,,DW ma
ARNOLF IR ronca srnf:rv. TESK PROJECT ®0 { 3-HsA
SAMSO/DOTR HYPERSDNIC TURBULeWY BOUNDARY LAYER INVESTIGATION
PHASE I
Grour 42 ALPHA MQDEL = 0,06 DEG, DEW PT==22,00 CONFIGURATION NOSE RADIUS,IN TRIP
M(INF)® 5,95 ALPHA P8 2 13,00 DEG, (DEG F) 7<DEG CONE .5000 «0100 GRIT
RELINF)a 4,724F+06 PER FT ROLL = «0,04 DEG,
DATA TYPE
ON=BOARD PROBE PRODE STATION = 36,45 IN,
Loop PO ™0 EINF _eop Zp PFD PPO/POP  PW1 Twl s TOSM TOSM/TO 2] TOUM TOUM/
(PSTA)  (DEGRI' (PSIA) ' (PSIA) LIy (PSIA) (PSIA) (NEGRY  (IN) (DEGR) (I%) (DEGP)
1 250,23 §47.7 0.1687 T.682 0,0050 0,587 0,076 0,306 704, 10,0142 760, 0,895 60,0048 731. 0,861
2 249,83 849,7 0,167 7.6470 0,0160 0,830 0,108 0,399 708, 0.02%2 761, 0,904 0,019%8 741 1,878
3 250,33 949,7 0,167 7,685 0,0245 - 1,510 0,196 0,412 713,  0,0337 770, 0,907  (,0243 753 1,087
4 252,34 845,7 0,148 7.744 0,0345 1,936 0,252 0,400 716, 0,0437 769, 0,906 0,034 757 2,892
5 251.94 48,7 0.169 7.735  0,0450 2,148 0,279 0,386 718, 0,0542 770, 0,907  0,6448 760 | .689%
6 251,24 249.,7 0,168 T.713  0,0545 2,301 0,299 0,373 722, 0.9637 TT4. - 0,912 09,0543 762 = ,e98
7 251,34  #%0,7 0,168 7.716  0,0640 2,455 0,319 0,36} 724, 0.u731 777.  0,91%  0,0933 764 ° ..9no
8 250,523 847,7 0,167 7.692 0,073 2,608 0,339 0,351 725, 0,0827 779. 0,918 0,0733 786 [,903
-9 250,23 47,7 0,167 7,682 ©,0850 2,776 0,361 0,342 726, 0,0942 782, 0,921 . 0,048 768 T 1,908
10 249,93 850,7 0,167 7.673  Q,0965 2,930 0,38% 0,336 727, 0,1057 764, 0,924 0,0961 769 g 1906
14 249,43 650,7 0,167 7,A7T0 0,1045 3,098 0,403 0,332 728, 0,1137 786, 0,926 0,1043 173 g 907
12 249,82 850,7  0.1466 7.664 0,1270 3,394 0,441 0,327 729, 0,.1362 796, 0,93L 0,1263 773 = 911
13 249,42 842,17 . 0,166 7.656 0,1440 3,824 0,497 0,325 730, 0,1572 . 793, 0.93& 00,1473 715 ©® {913
14 249,953 46,7 0,187 T.67Y  0,1655% 4,136 0,537 0,324 731, 00,1747 794, 09,936 0,105) 177 915
13 249,91 ¥46.7 0,167 7.673 D,1B50 4,614 0,599 ©0,32% 732, 00,1942 7%6, 0,938 ©,1348 7719 p 918
16 250,53 49,7 0,147 7.692 00,2045 5,056 0,8%7 0,325 133, 0,2137 798, 0,940 0,3043 Tap o 920
17 250,51 46,7 0.1n7 7.692 0,72245 5,527 0,716 0,325 714, 0,2336 Bol, 0,944 ©0,224)3 742 B 92
18 250,33 846,.7 0,157 7,685 0,2450 6,055 - 0,787 0,326 T34, 0,2541 803, 0,946 00,2448 704, ,921
19 251,01 849,7 0,167 7,707 0,635 6,579 0,855 0,326 735, 0,2726 BO6, ©0,950° ,2613 764, 974
20 250,61 846,7 0,187 7.69% 0,2970 7.,2%% 0,942 0,327 736, 0,295l 809, - ©,%%3 0,2868 764 JPid
21 250,83 B44,T  0.167 7,701 0,306% 7,R81 1,624 0,327 737, 0,3156 e12, ©,957 0,3003 783, 923
w22 450,93 B4s,7 0,167 7.704 0,3250 A48 1,102 0,327 737,  0,3341 Bi6, 0,961 0,3247 753, 923
~ 23 251,54 846,7 0,168 7,723 0,3455 - 9,166 1.19% 0,327 738, 0.3546 19, 0,965  0,3452 762. 921
24 51,34 849,7 0,169 7.716 0,3650 9,751 1,267 0,323 738, 0,3741 821, 0,97 0,3647 7840, w919
25 252,24 349.7 0,168 7.744  0,3855 10,299 1,338 0,329 739, 0,3946 623, 0,970 09,3052 774, 917
26 252,14 849,7 0,148 7.741  0,4050 10.68B 1, 3R9 0,329 740, 0,4141 824, 0,571 0,4047 7786, 914
27 252,14 49,7  0.1R8 7.741 0.4240 10,978 1,427 0,326 740, © 0,4331 824, 0,971 D0,4237 115, 912
28 251,44 849,7 0,158 7,719 00,4845 11,1898 1,454 D, 328 740, 0,4536 425, 0,972 00,4442 714, 912
29 251,54 246,7  G.l68 7,723 0.4660 11,336 1,473 0,327 740, 0,4751 825, 0,972 0,4657 174, 982
30 251,44 846,7 0,162 7.719  0.4845 11,427 1,485 0,327 741, 00,4936 825, 0,972 0,4842 113, L9144
3 250,73 9,7 0,147 7.698 0,5055 11,647 1.513 0.327 781, 0,5146 825, 0.972 0.50%2 773. 21t
32 250,82 046,7 0,167 7.701  0.6040 11,691 0,326 742, 0.6134 825, 0,972 0,56037 13, 21t

1,519

DATY. CG“PL’TFD

adsJ. .

eaed PTaTJ'MOIJ 8qo1d pJIeog-up
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PAGE TWO
Loap PQ

{(P51A)
LK) 250.23
34 250.43
35 250,33
36 250,33
» 249,73
3N 24%,8)
» 249.22
40 249,73

Grolup

TO
{DEGR)?
447,7
846,7
846,7
849,7
849,7
849,71
8477
847,7

42

PIRF
(PSIA)
0.167
0,167
0,167,
0.167
0,167
0.te7
0.166
0,167

PoP
(P514)
7,662
1.701
7,688
7,685
7,647
7.670

7.681

7,667

1A

11N}
0,7040
0.RB055
0.9050
1,0060
1,5055
2.001%
3,003
3.8850

PO e 2
T0 &

PLINF)=
RE(IKF)=

PPO fPD/POP

(PSIA)Y
11.754 1.527
11,740 §.531
11.783 1,931
11,788 §,532
11,707 1,525
11,440 1.480
10,743 1,396

9,617 1,256

MEAN VALUES

50,67 PSIA
ddg,4 DEGR
G.1671 PSIA
0.472E+07 PER FT

Wl Tl
(F5IA) (DEGR)}
0,326 T42.
0,325 742,
0.326 743,
0,326 142,
0,32% T43,
6.325 744,
0,325 744,
0,324 144,
U{INF)=
Q{INF)=
T(INF)®=
POP =

11
(N}
0,7130
0.8145
0.9140
1.0150
1.,5144
2,0124
13,0117
3.8937

TO5M TOSM/TO

(CEGA}
a2s,
225,
82s,
825,
2%,
24,
823,
822,

2988,7 FT/SEC

4,142 PSIA
105,¢ DEGR
770 PSIA

0.972
0,972

0,972

0,972
0,972
0,971
0,970
0,989

MUCINF)= 0,845E=07 LEF~SEC/FT2 RHO{INF)a 0,134E-03 SLUGS/FT3

(L
(IN)
0.7037
0,%052
0.9047
1,0057
1.5081
2,003
13,0025
3. 0844

TOUN TOQUK/TIO

(PEGR)
173
112,
173,
112,
172,
112,
112,
1.,

0,911
0,910
0,911
0,910
0,910
2,910
0,910
0,909
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ARD,INC = AEDC DIvISYON

-0 R S N AR 69 O aE = ..

ERD

(tL]

vO¥ NARMAM GAS DYVAICS FACILITY

ARNOLD A’

GRoOUP q2

M{INF)= 5,95
RECINF)s 4,724E+06 PER

DATA TYPE
ON=BOARD PRURE
LOUP TG=1 TG=2 TGCe3
DEGR DEGP DFEGR
i T04, - 720, T2i,
2 708, T4, 126,
3 713, T29, 13,
4 716, 732, 734,
5 718, T34, 736,
& 722, 731, 1l4p,
? 124, 138, Ta1,
] 725, 139, 742,
9 726, 741, Ta4,
10 127, 741, 745,
11 128, Ta2, 146,
12 725, T43, 747,
13 710, 744, TaH,
15 732, 746, T48,
15 733, a6, 71%0,
17 T34, 741, 751,
18 Ti4, Tat, 151,
19 735, 7Tag, 752,
20 736, T49, 7531,
21 737, Ta9, 153,
22 737, 150, 154,
23 730, 7s0, Tse,
24 T3R, 150, 154,
25 73%, 751, 7%5,
26 T40, 751, 755,
27 740, 731, 785,
8 740, 752, 756,
29 740, 752, 756,
3o 78t, 752, T7S6,
3 743, 753, 758,
32 742, 753, 157,
33 742, 753, M7,
34 Ja42, 753, 157,
a5 T43, 754, 757,
36 T43., T84, TSA,
b 743, 758, 738,
s 744, 734, 758,
39 744, 755, 158,
40 744, %%, 7159,

"GRCE STATION, TEMNR

FT

ALPHA MuDEL =

ALPEA PB

ROLL

PROJFCT KD V4l( sA
SAMSO/DOTR HYPERBONIC TURBULENT BOUNDARY LAYFR INYESTIGATION
' PHASE [

0,06 DEG,

= (1,00 DEG,
a2 «0,.04 DEG,

TGed TG=5 TG=6 TG=7
DRGR DEGR' DEGR DEGR

720,
735,
731,
715,
71,
742,
743,
745,
746,
747,
758,
749,
750,
781,
752,
753,
754,
154,
755,
756,
756,
157,
758,
798,
1586,
139,
15%,
759,
159,
760,
760,
180,
761,
761,
Tsll
7614,
762,
762,
7632,
162,

,2“.
733,
737,
740,
743,
747,
748,
149,
7%0,
751,
752,
753,
754,
755,
156,
1586,
787,
756,
158,
759,
760,
761,
761,
761,
762,
762,
762,
Ted,
763,
763,
764,
764,
164,
765,
765,
765,
765,
168,
156,
786,

726,
730,
135-
138,
140,
745,
146,
747,
749,
749,
750,
751,
759,
753,
154,
755,
756,
7586,
757,
758,
7159,
759,
760,
761,
781,
702,
162,
162,
762,
163,
763,
764,
764,
Tee,
165,
765,
765,
766,
166,
766,

723,
176,
731,
134,
T36,
141,
742,
744,
745,
746,
747,
148,
748,
150,
751,
752,
753,
754,
754,
788,
756,

157, .

=9,
756,
759,
759 -
759,
760,
150,
%1,

PROBE STATION =

1G=8

718,
722,
727,
730,
733,
111,
739,
740,
741,
743,
744,
745,
745,
747,
748,
149,
150,
150,
151,
753,
753,
154,
755,
156,
756,
157,
757,
758,
759,
759,
759,
© 760,
180,
760,
Te1,

- 761,

762,
762,
782,
763,

TGe® TG=10
DEGR DEGR DEGR

nz2,
716,
721,
125,
7128,
73131,
734,
736,
738,
73e,
740,
141,
742,
Ta3,
745,
748,
747,
748,
748,
750,
751,
152,
751,
783,
754,
75%,
756,
156,
156,
757.
758,
758,
758,
759,
159,
754,
T50,
761,
761,
761,

7013,
708,
713,
71%,
721,
726,
T8,
T30,
731,
932,
734,
73S,
736,
738,
73%,
140,
741,
742,
743,
745,
746,
747,
748,
149,
ns0,
751,
751,
"82,
152,
753,
753,
154,
754,
155,
755,
756,
756,
757,
751,
758,

DEW PT==-22.00
(DEG F)

36,45 IN,

CONFIGURATION

T=DEG CONE

THell TG=12 TG=13 TG~14 TG=i5
DEGR DEGR DEGR ULEGR DEGR

102,
701,
712,
716.
719,
725,
726,
T Y20,
730,
731,
733,
138,
735,
736,
738,
739,
740,
741,
Ta2,
744,
744,
746,
147,
747,
148,
7449,
150,
750,
151,
752,
752,
751,
953,
154,
754,
755,
155,
756,
756,
7517,

Tos,
710,
7158,
119,
T22,
727,
129,
7130,
732,
733,
T4,
T35,
736,
138,
7319,
740,
741,
742,
743,
745,
745,
146,
747,
748,
149,
150,
150,
151,
181,
152,
152,
153,
7513,

.154,

154,
755,
158,
156,
756,
751,

707,
111,
T15.
719,
121,
126,
Ti8,
130,
T3,
732.
134,
7135,
136,
737,
736,
739,
140,
T41,
142,
743,
Tad,
745,
746,
747,
748,
748,
749,
149,
150,
5%,
151,
152,
152,
1513,
153,
753.
154,
154,
755.
753,

ToR,
712,
117,
720,
722,
727,
729,
720,
132,
733,
734,
715,
716,
317,
739,
740,
141,
142,
142,
744,
T44,
7485,
745,
747,
748,
74E,
749,
149,
750,
751,

281,

151,
752,
152,
753,
151,

7154, .

754,
795,
755,

07T,
111,
7186,
L9,
T22,
727,
728,
730,
1r1,
732,
134,

2135,

136,
737,
118,
719,
740,
741,
742,
143,
Tag,
145,
746,
746,
747,
748,
783,
729,
149,
Tsu,
750,
751,
751,
753,
752,
753,
753,
154,
754,
754,

DATE COMPUTED

B=JUle1d

D .

NOSE RADIUS.IK

TG=16
DEGR

110,
714,
712,
149,
123,
T23,
124,
728,
27,
T29.,
730,
73L,
Tiz2,
734,
135,
738,
737,
J38,
715,
140,
141,
742,
T43,
744,
745,
745,
746,
745,
74T,
148,
748,
748,
749,
749,
750,
750.
751,
%1,
152,
782,

9000

TG=17
DEGR

695,
700,
106,
110,
713,
719,
720,
722,
724,
726,
727,
729,
730,
731,
133,
734,
718,
736,
737,
138,
739,
740,
741,
742,
742,
743,
744,
148,
145,
129,
146,
746,
7417,
747,
748,
748,
149,
749,
150,
130,

IRIP
20100 GRIT

TG=18 TG=19

DEGR DEGR
€83, 696,
€99, 1702,
706, 70%,
710, 713,
714, 116,
120, 122,
722, 124,
723, 128,
125, 727,
127, 129,
128, 1730,
130, 32,
™, 132,
T3z, T34,
734, 11%,
T35, Tis,
716, 1317,
737, 138,
731, 739,
739, 740.
139, 741,
740, 7412,
741, 142,
T42. 143,
743, 744,
743, T44,
T44, T4%.
744, 745,
Ted, Tas,
745, 746,
746, 47,
746, 147,
T46, 147,
747, 148,
T41. T46.
748, 748,
7a8, 749,
748, 74%,
74%, 750,
Y49, 1150,
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ﬁcﬁcﬁrﬂ'fﬂ"ﬁ"-"- B BE B =R N AEOER-DE W

A SVERCR  CUHPUMATION CONPAKY ( DATE RECOPDED 3° “AN=78
YON KARPHA. GAS DVYARICS FACILITY TIME RECORDED .51 %
ARNOLD RI1R FORCE STATIDn, TEKM PROJECT MO V4A1B~K6A
snnsoznorn KYPERSONIC TUPBULENT ®S8OUKDARY LAYER INVEBTIGATION
PHASE I
GROUP 42 ALPH} MpDEL = 0,06 DEG. DEW pT==-22.00 CONFIGURATION NOSE RADIUS.IN TRIP
M{INF)= 5,93 ALPHE PB s 13,00 DEG, {DEG F) T=DEG CONE ,5000 G100 GRIT
RE{INFI= 4,724E+D5 PER FT ROLL = -0,04 DEG.
UNSHIELDED TESPERATURE PROBE CORRECTIDNS PROBE STATIUOE = 36,45 IN,
ON=BOARD FROBE
LaoP Al PO ™0 PPU PFU/PO MUI REU ETA TLOUN/TO TOUY  TOUI/TO uug
(1N (P514)  (DEGR) (PSIA) {DEGR} (FT/8EC)
1 0,0048 250,23 B47.7 0.578 0,0023 0,95 42,70 0,874 0,861 4%, 0.7 1165,05
2 0,0158 249,83 R49,7 0.826 0,0033 1.24 5T.31 0,075 0,875 765, 0.992 1473,90
k| 0,0241 250,31 n49,7 1,493 0,0060 1,78 BR,45 0,878 0,087 7840, 0,931 1922,21
4 0,038 252.24 865,7 1.927 0.0077 2.06 106,48 0,879 0,A92 801, 0.944 2300,25
) 0,0483 . 251,94 848.7 2,144 0.0086 2,18 115,20 0,840 0,595 §07, 0,95 2173.,88
& 0,0543 251,24, 249,7 2.297 0,0092 2,28 120,91 0,880 0,358 411, 0,958 2220.42
7 0,0639 _ 251,34 850,7 2,451 0,0096 2.34 126,83 0,980 0,300 BLS, 0.960 2263.59
] 0,073 250,53 47,7 2,604 0,0304 2.42 132,52 0,491 o,503 E18, 0.96% +2303.51
9 0,844 450,23 847,17 2.7172 0,011} 2.50 138,77 0,881 0,905 622, 0,969 2343,68
10 0.09613 249,93 850.7 2,927 0.0117 . 2,57 144,63 0,831 0,966 ' 824, 0,972 237b,69
11 0,1043 249,83 850,71 3,093 6.0323 2.65 150,98 0,842 0,907 927, 0.973 24v?.99
12 0,1268 249,62 854,7 3,388 0,013% 2,78 - 163,71 0,882 0.911 232, 0,981 2464,90
13 0,1478 249,42 849.7 3,820 .0152 . 2,96 177,80 0,083 0,913 . 837, 0,987 2931,22
14 0.16%1 249,93 046,7 4,132 0.016% 3.09 169,22 0, B34 0,915 Bat, 0,991 2574.11
15 0, 1848 249,93 fan,7 4,608 0,01R4 3,27 206,67 0,985 0,918 Bas, 6,996 629,55
16 0,2043 250,53 849,7 5,054 0.0202 3,42 222,72 0,89% 0.920 249, 1,008 2674,41
47 0,224) 250,53 B46,7 5,521 0,0220 3,59 240,09 0,BB8B 0,%21 851, 1.004 2714,30
1 0,2448 250,33 846,7 6,049 - 0.0241 3,78 259,46 0,887 0,923 - BS54, 1,067 2753,02
19 90,2633 251,03 B49.7 £,572 . 0,0262 3,92 278,57 0,981 0,524 LY 1.009 2786,.4b
20 0.2868 250,63 846,17 7.246 0,0289 4,12 303,73 0,889 0,924 657, 1,013 2821,48
21 0,3063 250,83 - 846,7 7.873 0,0314 4,30 127,70 0,890 0.923 857. 1,010 20847,57
22 . 68,3247 250,93 846,7 8,474 0.0338 4.46 iso, 18 0,891 0,323 - 858, 1,011 2870.80
2) 0,3452 251,54 46,7 9,158 0,0365 4,64 376,32 0,691 0,92 857, 1,010 2892.00
24 0,3647 251,34 - 049,7 9,743 0,03189 4,79 399 .5¢ 0,892 0,919 85%, 1,008 290%.61
2% 0,38%2 252,24 g4%,7 10,292 0,0411 4,93 471.56 0,893 0,917 8%3, 1,006 2916,.50
26 0,4047 282,14 849,7 10.693 0,0426 5,02 |, 437,69 0,894 0.914 B51, 1,003 4921,22
27 0,4217 292,14 49,7 10,974 ©0,0438 5.09 449,43 0,094 0.913 850, 1,002 2926,98
28 v.4e42 251.44 B49,7 11,18% 0.0446 5,14 458,14 0,894 0,942 849, 1,001 12929,.68
29 0,4657 251,54 846.7 11,334 0,0452 5,18 463 .0} 0,894 0.912 849, 1,001 2937,d4
30 0,4643 251,44 846,717 11,428 0,0456 5.20 468,05 0,894 0.911 848, 1,000 2931.84
M 0,5052 250,73 849,7 11,644 0,0465 5,25 476,37 0,895 0,911 848, 1,000 1937.,27

3 n,6037 250,03 246,7 11,691 0,0466 %26 478,17 0,895 0,911 248, 1,000 2938,20
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PAGE I¥(

Loor

3
34
13
16
37
k]
39
40

(AL
()
0.7037
0,8052
0,9047
1,00%7
1,50591
2,003}
31,0028
31,8644

GROIIP 42

PQ
(pstA)
250.23
2%0,%3
250,33
250,133
249,73
249,83
249,22
249,73

CALIBRATION 'CONSTANTS
Als  1,383E=0)

Ape=

R,650E=0GL

To

(DFGR
B47.7
B40.7
34,7
R49,7
849,7
8497
$47.7

247,71

A=

MUT

5,27
5,28
5,28
5,28
5,27
5,20
5,04
4,76

‘Az 0.000E+00

VALIES

B4R ,4 DEGR

0.1671 PSIA
0,472E+07 PER FT

PFV pou/po
(PSIM)
11,754 0.N46%
11,780 00,0470
11,783 0.,0470
11,708 nD,04&70
11,737 0,0468
11,440 0.0456
10,7414 0.042%
9.617 0.03184
0,000E+00
MEAN
PO = 250.4T PSTR
TO
PLIKF)=
RECINF)=
MUCINT )R

REU

480.35
492,130
AB2,59
480,47
469,31
442,74
400,33

Adz

0.845E=07 LBF=8EC/TT2

ETA TOUK/TO TOUL TQUI/TO
(DEGR)
0.895 0.931 848, 1,000
0.k95 0,910 €47, 0,99%
0,695 0,911 R4k, £.000
0,895 0,910 247, ,999
0,895 0.910 847, 0,999
0,898 0.810 847, 0,998
0,894 £.910 647, 0,998
0,092 0,908 84S, 0,996
0,000E+00

U{INF)= 2988,7 FT/SEC

QrINF)e 4,142 PSIA

T{INF)=  195,0 DEGR

pop = T«70 PSIK

RHO(IKFY® D0,134E~03 BLUGS/FTI

uul
LFT/SEC)
2939.43
4938,01
2940,00
2938,16
2937.17
29131,19
2915,97
2884,99
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I
ARD," " = AEDC SIVISION (

DLIE CGPRPUTET  segil="t
A SV .RUP ZORPOEATION COMPANY DATE RECORDED Ji=g3i=T§
YON KARMAN GAS DYMAMICS FACILITY TIME RECORDED 1345) §
ARNOLD AIR FORCE STATION, TENK PRDJECT WO V41BeWoh
SAMSO/DOTR HYPERSNNIC TURBULENT BOUNDARY LAYER INVESTIGATION
PHASE T

GROUP 42 ) ALPHA MODEL & 0,06 DEG, DEF PTs=22,00 CONFIGURATION NOSE RALIUS,IN TRIP

H(INF)& §,95 ALPHA PB = 13.00 DEG, (DEC F) T7=DEG CONE »5000 L0160 GRIT

RE(INF)= 4.724E+06 PER FT ROLL = =0,04 DEG,

DATA TYPE

UN«BOARD PROBE PROBE STATION = 36,45 IN, N

BOUNDARY LAYER VALUES

DELU:= 0.4267 1N,
DELUe=  0,1%555 1IN,
DELU2= ©0,01%9 1IN,
RELU3I= 0.0291 1IN,
DBLU4= 0.0008 IN.
‘MUl = 12.2798
HU2 = 0,347%
TEU = $50.4 DEGR
UUE =  2927.3 FT PER SECOND .
RHOUE® {,931£-04 SLUGS PER FT3

MEAN VALUES

PO = 250.67 PSIA UCINF)= 2988.7 FT/SEC
TO0 L 848,4 DEGR QUINFlI= 4,142 PSIn
PUINF)= 0.1671 PSIA T(INF)e 10S,0 DEGR

* RECINF)a 0,472E+407 PER FT POP = 7.70 PsIA

MU(INF)2 0,B45E=C7 LBF=SEC/FT2 RHOCINFIS  0.134€~03 BLUGS/FT3



1v-7.

PRINTOUT PAGE ONE

ALPHA MODEL
ALPEA PB
CORFIGURATION
DATA TYPE
DEW PT
GROUP

LOOP

M(INF)

MU {INF)
NOSE RADIUS
P(INF)

PO

POP

POO

PROBE STATION

RE(IWF)
ROLL
TO

TOO

TRIP

TWX
U (INF)
Z0

20T

NOMENCLATURE: OVERHEAD PROBE FLOW-FIELD DATA

Model angle of attack, deg
Support ating prebend angle, deg
Model configuration (see Fig. 2)
Type of data tabulated
Free-stream flow frost point, °F
Data group number

Data point identification number
Free-stream Mach number
Free-stream viscosity, 1bf—sec/flt2
Model nose tip radius, in.
Free-stream static pressure, pala

Tunnel stilling chamber pressure, psia

Free-stream total pressure downstream of a
normal sheck, psia

Overhead probe pitot pressure, psia

Probe station location measured along model
surface from mcdel nose tip, in.

Free-stream Reynolds number per foot
Model roll angle, deg

Tunnel stilling chamber temperature, °R
Unshielded thermocouple probe reading, °R

Boundary-layer trip configuration - sphere and
grit dimensions stated in inches

Model wall temperature at probe survey station, °R
Free-stream velocity, ft/sec
Pitot probe height above model surface, in.

Height of unshielded thermocouple probe above
model surface, in.

63



PRINTOUT PAGE TWO

All heading information is identical to page one.
TG-1 - TG-19 Gardon gage case temperature, °R

PRINTOUT PAGE THREE (UNSHIELDED TEMPERATURE PROBE CORRECTIONS)

All heading information is identical to page one.

AQC - ACH Calibration constants

ETAO Effective probe recovery factor

LOCP Data point identification number

MOI Localehch number at survey point

PO Tunnel stilling chamber pressure, paia

POOT Local intetrpolated pitot pressure, psia

ROD Local Reynolds number at survey probe

TO Tunnel stilling chamber temperature, °R

TOOI Local corrected total temperature at survey
point, °R

TOUM Unshielded thermocouple probe reading, °R

uoIl Local flow velocity, ft/sec

Xp Probe longitudinal location, counts

Z0T Height of unshielded thermocouple probe above

model surface, in.

PRINTOUT PAGE FOUR (BOUNDARY-LAYER VALUES)

All heading information is identical to page one.

DEL Boundary-layer thickness, in.

DEL* Bisplacement thickness, in.

DEL2 Momentum thickness, in.

DELJ} Kinetic energy defect, in.

DEL4 Total enthalpy defect, in.

1 Shape factor, DEL*/DEL2

HZ Shape factor, DELZ/DEL3

RHOED Statlc density based on TED, Slugs/ft3

TED Total temperature, at boundary-layer edge, °R
UQED Flow velocity at boundary-layer edge, ft/sec

64
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ARD,INC = AEDC DIVISION
A SVYERDRUP CORPORATION CONPANY

YON XARMAN GAS DYWAMICS FACILITY

ARNQLD AIR FORCE STATION, TEWN

N(INF)= 5,99
RECLINF )= 4,731E+06 PER FIT

DATA TYPE
OYERHEAD PROBE
Loo? PO
C(PSIA)
) 249.52
2 249,73
3 249,62
4 249,42
5 24%,22
6 240,72
7 249,42
8 24%,0)
] 24%,22
10 249,22
11 250,013
12 2%1,74
1) 2581, 2%
1 ] 251,94
15 291,74
16 249,02
57 248,42
18 249,32
19 248,52
20 252,14
21 251,74
21 250,93
23 251,44
24 750,73
25 251,14
26 250,83
27 251,14
28 7%6,33
29 150,93
3 250,13
k1 250,43
32 250,13
» 249,62

TO
(DFGR)
847,7
845 ,7
046,7
947,7
A5, 7
047,7
ngs,7
847,7
047.7
945,7
846,7
0457
"4z, 7
946,7
846,7
#48,.7
845,7
847,7
8477
843,7
046,17
844, 7
84S ,7
847,7
pade,?
#4s,7
047.7
047,17
947,7
048,7
"7,7
045,7
948,7

PINF
(PSIA)
0.166
D187
0,166
0,166
0,166
0,168
n,167
0,166
n,167
0,168
0,16%
0,168
0.168
0.166
0,166
0,166
0,166
0,168
0,160
0,187
0,168
0,167
0,167
0,167
0,167
0,167
0,167
0,167
0,167
0,187
0,168

BAMSO/DOTR HYPERSONIC TURBULENT BOUNDARY LAYCR INVESTIGATION

ALPHA NODEL ® =0,08 DEG.

ALPHA PB
ROLL

ropP
(PSIA)
T«861
T.667
" 1.65‘
7.6%8
7,651
T.636
7,658
T.570
7.551
7,658
7.676
1|1!9
7.775
T.733
T.729
T.645%
- 1,627
7.653
7,613
T.741
T.729
7,704
7.719
7,698
7,710
7T.701
7.71¢
7.68%
T.704
7.679
7.689
T.879
T.6684

PROJECT NO V41B=WEA

PFHASE I
DEM PTN=232,00 CONFIGURATION
= 11,00 DEG, (DEG F) 7=DEG CONE
» 90,36 DEG,
PROBE BTATION = 39,80 IN,
0 FPOO POO/POP 2aT Too
{IN) (PSTA) CIN) {DEGR)
0,0080 0,560 0,074 =0,0000 756,
Q,0135 1,383 0,180 0,0074 752,
0,025 2.219 0,289 0,01%4 T 763,
09,0335 2,517 0,328 0,0274 764,
0,0435 2,738 0,356 D, 0374 765,
0,0535 2.%472 0,381 0,0474 766,
0,0640 3,188 0,415 0,0579 758,
00,0738 3,428 0,448 0,0874 174,
0,0840 3,692 0,481 0,0179 712,
00,0945 1,939 0,511 0,0884 713,
0,.1035 4,208 0,547 0,0874 774,
0,1240 4,912 0,626 0,1179 717,
0,1430 5,368 0,599 0,136% 780,
0,1639 5.99% 0.780 0.156%9 784,
0,1945 6,666 0,088. D,1184 789,
0,2030 T.245 0.94) 0,19469 791,
0,22%0 8,002 1,042 0,.2189 793,
0,2440 P, 781 1,140 0,237% T4,
0,26358 9,500 $.237 0.2574 794,
0,283% 10,384 1,352 06,2774 793,
0,303% 10,997 . 1,411 0,2974 792,
0,3230 11,498 1,497 o,3169 791,
0,3425 11,888 1,547 0.33684 790,
0,3640 12,122 1,578 0.3579 789,
00,3840 12,252 1,594 0. 37179 700,
0,402% 12,314 1,603 08,3964 7607,
0,5050 12,338 1,606 0,4%89 787,
00,6050 12,299 1,601 0,.590¢ 787,
0.7030 12.272 1.597 0,88688 787,
1,004% 12,210 1,5%0 0,9981 787,
12,0020 11,034 1.938 1.,9987 77,
3,0048 11,247 1,464 32,9981 787,
4,0020 7.662 0,997 3,9955 78,

HDSE RADIUS,IN

BHARP

T00/10 pit

0.093 0,332
0,900 0,132
0.901 0.332
0,902 0,333
0,903 0,303
0.904 0,332
0,507 0,332
0,909 0,132
0,912 0,332
0,%13 0,332
0,914 0,228
0,924 0,307
0,926 0,)M
0,932 0,335
0.934 0,133
9,936 0,332
0,938 0,132
0,938 0,332
0,936 0,338
0,935 0,338
0,934 0,333
0,933 0,338
0,932 0,333
0,930 0,334
0,929 0,338
0,929 0,334
0,929 0,334
0,929 0,334
0,929 0,134
0,929 0,233
0:929 0,234
0.9210 0,133

T4,
T42,
T42,
T42,
742,
1"|
T42,
742,
742,
?‘:.
Ta2,
742,
742,
T42,
ved,
742,
742,
142,
43,
T42,
742,
142,
7‘2 ]
T2,
T42,
T4,
742,
742,
THZ,
142,
142,
T4k,
742,

DATE COMPUTED 26=JUR=T0
DATE RECORDED JO=JAN=T0

TINE RECORDED O:iad?

8-AT

teled a1dueg

g1ed PIoTd-MOTd 200Xd PESUISAQ
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PAGE TNO

Loop
34
30

PO
{PSIA)
250.22
249,32
249,02

GROUP

- TD

({DEGR)
47,7
147,17
045,17

PINF
{PSIA)
0.167
0.166
0.186

POP
{PSIA)
T.682
7.653
7645

Z0
(IN)
4,49%0
0,9985
09,2490

PO .3
™ ]
P{IERF)=

POO PCQ/POP

(PSIA)

7,650
12,100
12,066

MEAR VALUES

50,23 PSIA
#46,3 DEGR
0.1660 PALIA

0,996
$.57%
1,57

RECINF)n O, 473E+07 PER FT

MUCINF)a  O0,043E=07 LBF=SEC/F12

20T Ton TToo/T0 4 ] 8
(IN) (DEGR)
4.492% 787, 0.929 0,333
0.99213 787, 0.929 0,312
0.2429 © 789, 0,932 0,33}

uULINre 2908,5 FT/8EC

QlINF)s 4,835 PSIA

T{INF)m 104, DEGR

paOP m  7.568 PBIA

RHOCINF)w  0.134E=0) SLUGS/FT3

™l

T42,
742,
742,
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ARD,INC = AEDC DIVISION

A SVERDRUP CORPORATION COWPANY
yON KARMAN GAE DYNANICS FACILITY
ARNOLD AIR FORCE STATION, TENN

GROUP 1%

M{INP)n 8,93
RECINTI® 4,731E+06 PER

DATA TYPE

OVERREAD PROBE
LODF TCe=i TGe2 TG~}
DFGR DEGR DEGR
1 742, V49, 150,
2 742, 149, 17150,
3 742, 749, 750,
4 742, 749, 750,
s 742, 749, 150,
) T42. Te9, 730,
7 742, 749, 780,
) 742, 749, 750,
9 742, 749, 750,
10 142, 149, 780,
11 742, 49, 150,
12 742, 749, 750,
13 142, 749, 150,
L] 742, 148, 7%0,
18 742, 748, 7150,
14 742, T49, 750,
17 742, 749, 730,
18 T42, 749, T80,
19 742, 749, 750,
20 742, 749, 150,
21 742, 149, 750,
22 742, 749, 7150,
1] 742. 749, 7150,
Cad 742, 749, 150,
25 Te2, 749, T80,
26 742, 749, 7150,
27 742, 749, 750,
29 742, 749, 750,
79 742, 749, TS0,
30 T42, 749, 7%0,
31 742, 749, 750,
32 742, 749, 7180,
313 742, T49, 7150,
M 742, 749, 7T%0,
15 742, 749, 751,
3 742, T49, 731,

rr

SAMZO/DOYR WYPERAONIC TURBULENT BOUNDARY LAYER INVESTIGAT

ALPHA MODEL = =0,08 DEG,

ALPHA PB

ROLL

s 13,00 DEG,
= 90,36 DEG,

PROJECT NO V4iB=NGA

PHASE &

DEW pIw=22,00
{bEC F)

PROBE ETATIDN @

.fg=4 -TC=S TGS TG=7 TG-8 TG9 TG-10
DFGR DFGR DECR DFGR DEGR PEGF DEGR

752,
752,
752,
752,
752,
782,
752,
152,
152,
782,
151,
751,
781,
5%,
731,
751,
7151,
T5l.
751,
791,
781,
751,
758,
751,
781,
751,
751,
751,
751,
751,
781,
752,
752,
782,
152,
782,

153,
9%,
152,
752,
752,
752,
752,
132,
752,
182,
7152,
%2,
752,
753,
1,
152,
752,
752,
152,
751,
781,
81,
751,
751,
%2,
152,
752,
382,
52,
7152,
752,
182,
782,
752,
752,
52,

753,
753,
%3,
%53,
753,
153,
183,
753.
753,
753,
783,
7%3,
752.
753,
152,
782,
783,
1513,
153,
782,
782,
152,
152,
182,
752,
152,
153,
753,
153,
783,
751,
783,
783,
153,
753,

83,

753,
782,
783,
752,
152,
152,
752,
782,
752,
782,
52,
152,
182,
752,
152,
752,
782,
182,
' ITH
%2,
752,
752,
182,
752,
782,
152,
752,
752,
782,
782,
782,
12,
53,
783,
753,
783,

753,
753,
753,
753,
783,
153,
153,
753,
753,

- 153,

753,
153,
52,
152,
152,
783,
783,
753,
783,
752,
152,
752,
152,
752,
153,
182,
783,
753,
753,
153,
183,
753,
753,
753,
153,
783,

154,
154,
754,
184,
754,
754,
754,
754,
TS4,
754,
754,
754,
753,
783,
153,
754,
754,
754,
754,
753,
781,
753,
783,
753,
754,
733,
754,
753,
783,
753,
758,
ITH
784,
154,
754,
184,

753,
753,
783,
783,
753,
753,
783,
753,
753,
753,
753,
751,
752,
782,
752,
782,
753,
781,
181,
752,
752,
152,
782,

153,

751,
752,
753,
753,
783,
?5’.
%),
753,
753,
783,
731,
753,

39,80

Tae11
DEGR

154,
754,
T34,
784,
1
754,
754,
754,
754,
784,
T84,
754,
154,
754,
754,
754,
754,
4,
T34,
754,
754,
754,
754,
784,
784,
754,
754,
754,
754,
184,
1384,
744,
754,
754,
754,
784,

T6-12
DEGR

785,
155,
88,
758,
788,
755,
75%
758,
788,
788,
185,
788,
88,
758,
758,
788,
785,
88,
758,
788,
78%,
758,
785,
785,
788,
755,
75%,
185,
a5,
788,
788,
ITH
Tss,
788,
’5‘.
788,

CONFIGURATION
7=-DEG CORE

TG-1)
DEGR

1586,
7868,
7586,
156,
186,
756,
756,
736,
736,
T46,
156,
756,
758,
75%.
755,
756,
158,
755,
756,
754,
756,
158,
756,
156.
788,
756,
756,
788,
736,
756,
756,
786,
736,
756,
786,
756,

TE~14
DEGR

758,
788,
87,
187,
757,
758,
181,
787,
787,
758,
787,
787,
187,
787,
787,
787,
787,
787,
187,
757,
757,
187,
™7,
787,
787,
787,
787,
57,
187,
781,
757,
187,
758,
758,
758,

DATE COMPUTED a6=JUNe7]
DATE RECORDED DO=JAN=7)
TINE RECORDED O0riZs37

NGST RADIUG.IN TRIP
SHARP NONE

G=138 TG=16 TG=17 TG-13 IC-19

759,
759,
159,
159,
759,
759,
759,
159,
749,
759,
159,
759,
759,
158,
758,
1!9'
739,
159,
159,
759,
7se,
759,
789,
759,
189,
759,
7%9,
759,
159,
159,
189,
759,
159,
739,
789,

DEGR DEGR DEGR DEGR

784, 764, T4, TIB,
784, 764, T43, 738,
764, 764, 143, 18,
764, 754, 743, T30,
764, 764, 743, 139,
964, 764, 743, T8,
764, 764, 743, 738,
164, T64, 7743, T30,
764, 754, T4y, 739,
764, T84, 43, N0,
764, 764, T43, TN,
Y64, 764, 743, 130,
763, 764, 743, T3V,
763, 764, 743, 729,
761, 764, 743, 738,
763, 764, T43, 139,
764, 764, 7143, 738,
764, 1764, 743, T30,
764, 7THa, 743, 136,
763, 764, 743, 1734,
763, 7184, 743, 39,
751, 764, 741, TiE,
763, 764, 743, 734,
763, 754, 743, 738,
763, 764, 743, 738,
763, 764, 743, 78,
764, 764, 743, 738,
764, 764, 743, 738,
764, 764, T43, T34,
764, 764, 7143, 738,
764, 764, T43, 738,
1“. ,“. ,‘3| ,3..
754, 764, 743, 720,
764, 784, 743, 138,
784, 765, 144, T30,
764, 768, Tad, T3S,
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ARD,INC = AEDC DIVIBION . DATE COMPUTED 26~JUN+-78

A BYERDRUP CORPORATION COMPANY : : . DATE RECORDED 30=JAN=7Q
YON KARKAN GAS DYNANICS FTACILITY TINE RECORDED 9Q1121)7
ARNOLD AIR FORCE STATION, TENM PROJECT ND V41B=MGA
SAMSO/DOTR HYPERSONIC TURBULENT BOUNDARY LAYEN INVESTIGATION
PHASE 1
GROUR 36 . ALPHA MODEL = =0.080 DIG, DEW pPTE=21,00 CONFIGURATION NOSE RADIUS,IN TRIP
mCINF)Im 5,95 ALPHA PB = 13,00 DEG, (BEG F) T=DEG CONE SHARP NONE
RECINF)® 4,7J1E406 PER PT ROLL & 90,36 DEG,
UNSHIELDED TENMPERATURE PRDBE CDRRECTIONS PROBE BTATION = 39,80 IN,
OVERWEAD PROBE
Loop zoT PO ™ POOT POOI/PO oI ROD ETAO *00/70 Toor  TOO1/T0 voz
[§ {3 (PSTAY  (DEGR)} (PSIA) {DEGR) (FT/8EC)
] =0,0000 249,52 0477 0.331 0.0013 0,09 3,04 0,938 0,891 56, 0,893 123,09
2 0,0074 249,73 945,7 0.725 0.,0029 1.12 0,97 0,922 0.%00 774, 0.914 1361.92
3 0,01%4 249,62 846,7 1,798 0,0072 1,95 103,07 0,920 0.901 190, 0,933 2024,5¢
4 0,0274 249,42 47,7 2.292 06,0092 2,23 124,14 0,920 0,902 795, 0,940 21B81.36
3 0,0374 249,22 045,7 2,604 0.0104 2,38 137,00 0,920 0,903 799, 0,944 2260,39
6 0.0474 248,72 047,7 2,618 0,0153 2.49 148,71 0,919 0,904 201, 0,947 2307,9¢
7 0,0579 249,42 04%,7 1,046 0.0122 2,59 154,%% 0,919 0.%07 0%, 0,951 23154,98
] 0,0674 249,03 047,17 31,273 0,0131 2,89 163,36 0,919 0,909 808, 0,955 21390,05
9 0,0779 249,22 CTYN | 31,537 0.0141 2,80 173.4% 0,949 0,912 812, 0,959 2442,60
10 0,0684 249,22 45,7 3,796 0.0152 2,91 183,48 0,918 0,91) 14, 0,962 324080,87
11 0,0974 250,03 946,7 4,038 0.0161 3,00 192,29 0,948 0,914 By, 0,965 2511,77
12 0,1179 251,74 048,7 4,632 0,0188% 3.2} 215,29 0,910 0,917 232, 0.97% 32584,189
13 0,1369 bs3,.28 842,7 5,190 0,0207 3,42 235,94 0,910 0.921 27, 0,977 2640,2%
14 0,1569 251,94 845,7 5,803 0,0232 3,63 58,10 0,917 0.926 234, 0,985 32694,37
18 o, 17848 251,74 49,7 6,476 0,0259 3,84 201,69 0,917 0,932 (TY 0.993 2746,5%7
15 0,1969 249,02 LTTIN 7,055 0,0202 4,01 302,67 0,916 0,934 44, - 0,998 2782,19
P17 0,2149 248,42 248,7 1,792 0,0311 4,22 129,50 0,916 0,936 B4R, 1,002 2821,04
18 0,2379 249,32 47,7 B.518 60,0340 4,41 1%6,10 0,918 0,930 »sy, 1,005 2853,%0
19 0.2574 240,62 47,7 9,269 0,0370 4,561 184,00 0,915 0,938 BS2, 1,007 2979,10
10 0,2774 252,14 43,7 10,114 0,0404 4,82 416,40 0,918 0,936 as2, 1,007 290%,16
21 90,2974 251,74 246,7  10.810 0,0432 4,90 442,72 0,914 0,915 852, 1,007 2920,10
22 0,369 450,93 844,7 11,341 0,0453 5,10 463,19 0,914 0,934 as2, 1,006 2931,20
23 0,3364 251,44 845.7 11,766 0.0470 5,20 479,69 0,914 0.93) s, 1,006 2938,97
. 24 0.3579 250,73 847,7 12,055 0,0487 5,27 491,19 0,914 0,932 nsi, 1,008 2943,3)
28 0.3779 251,14 44,7 12,213 0,04R8 5,30 97,718 0,914 0,930 180, 1,004 2944,72
26 0,3964 250,083 B45,7 12,29) 0,0491 5,32 501,56 0,914 0,928 149, 1,003 2944,52
27 0,4989 251,14 247,712,334 0,0493 5.3 503,10 0,914 0,929 R4Y, 1,003 2945,3%
28 0.5989 250,133 947,77 12.300 0.0492 5,32 501,81 0,914 0,929 49, 1,008 2944,66
29 0,.6969 250,93 847,71 12,27} 0,04%90 5,31 500,82 0,914 0,929 (T N 1,003 2944,12
30 0.998)3 250,13 848,712,219 0,0400 5,30 498,70 0,914 0,929 049, 1,003 294,01
LT $,9957 250,43 847,711,017 0,0472 8,21 483,75 0,914 0,928 [T 1,002 2934,52

2 2,991] 250,13 45,7 21,250 0,0450 5,08 462,85 0,914 0,929 sen, 1,008 2921,69
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PAGE IWO

Loop zor
(IN)
L b 3,9958
L 4,4928
35 0,992)
3 0.2429

PO
(PSIAY
249.62
250,23
249,32
249,02

CALIBRATION CONSTANTS

AGOs 9,261F=01

T0
(DEGR)
04s.?
47,7
947,17
245%,7

Air »3,540E=04

raoz P
(PS8IA)
T.886
7.680
12,220
8,710

0 =
PCINT)

s

DOX/PO

0.0307
00,0306

0,034%

EeDO

AO3m

4,19 327.9¢
4,10 327,13
5,30 498,02
4,47 jss, 30

0.000E+00

KEAN YALUES
"0 = 3%0,23 PSIA

046,5 DEGR
L 0.,1668 PSIA
RE(INF)s O,473E+07 PER FY
NULINE)e lo »43E=0T LAF=8CC/PT2 lnpt:ur)- 0-!!4!'03 SLUGS /T3
i, CTS

ETAD TOO0/TO Too3

{DEGR)
0.,#16 0.930 F43.
0,916 0,939 42,
0,914 0,929 4y,
0,918 0,932 846,

AOd® 0,CO00E+DD

UCINF)w 2908.5 FI/siC

QLINFIm 4,135 PBIA

T!Ilf)l lﬁi.l D!GR
7.60 p

T001/10

volr
(FT/BEC)
2807,.44
2004,08
2943,03
2880,97
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ARG, IRC = REDC DIVISION

A SYERDRUP CORPORATION CONPANY
YGN KARMAN GAB DYNANICS FACILITY
ARNODLD ATR FORCE STATION, TENE

GROUP 36
M{(INF)= 3§,
PECINFIn 4

DATA TYPE

PROJECT ND V4AiBeWEA

DATE COMPUTED 26=JUks78
DATE RECORDED 30=JAN=78
TINT RECORDED 0812117

SAMSO/DOTR HYPERSONIC TURRULENT BOURDARY LAYER INVESTIGATION

ALPHA MODEL ® =0,08 DEG,

9% ALPHA PB
+T131E+06 PER FT ROLL

OVERHEAD PROBE

BOUNDARY LAYER VALUES

DEL
peLe
DEL2
DELIA
DEL&
Hl

H2
TED
UDEDw
RROED=

0.3491 1IN,

0,1480 1IN,

0.0126 IN,

0.0232 IN,

0.0026 1IN,
11.7809

t.5416

#51,0 DEGR

2941,3 rT PER SECOND
2.130E-04 BLUCE PER FT)

PO = 2
TO [
P(INF)=
RE(INF)=

NUCINFIE  O,043E~07 LBF=8KEC/F12

PHASE I

DEN PTme13},00
0 DEG, (REG 1)

CORFIGURATIDN NOSE RADIUS,IN TRIP
7=bDEG CONE SHARP HOXE

NEAN VALUES

80.23 PSIA
Bdé6,5 DEGR
0.1668 PSIA
0.473E+07 PER F?

=j. CTB

UCINF)e 2035.9 FT/8EC

Q{INFls 4,135 PBIA

T{INF)»s 104,8 DEGR

POP & 7,68 PBIA

RROLINF)Ys 0,134E=03 SLUGS/FT]



